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V' pobomi sanpononosaro mamemamuyHy MoOeib Hpoyecy Qinempayii pioxux cepeoosguly y MeMOpaHHUX
mexnonoziax. Modenv nobyoosana Ha OCHOGI NOJONCEHb MeXAHIKU OucnepcHux cepeoosguuy. Tomy oHa 0038049€
OocHioumu OCHOBHI 3aKOHOMIPHOCII QiNnbmMpPYEanHts piOKUX cepeO08UNY 3 8PAXYBAHHAM CIMPYKIMYPU NOPUCINO20 KAPKa-
cy MeMOPaHU, a MAKONC HAKONUYEHHA Wapy meepoux giOKIa0eHb NpU 3a0aHUX eKCHAYAMAyiiiHux yMogax. 3anponono-
8GHO MeMOOUKY GUIHAYEHHS KOHyeHmpayii meepool ¢azu ma 2a3opiouHHo20 OUCNEPCIliHO20 cepedosUIa V MelNcax
OUCNEPCHOT cUcmeMU «MeMOPAHa-PIOUHAY, A MAKOXHC NPOOYKIMUGHOCT MeMOPaHHO20 Qinvmpysants. B ocrogy memo-
OUKU NOKTAOEHO PO38 A3aHHA 30004 0ehopMYBAHHI 80JI020HACUYEHOT OUCNEPCHOL cucmeMl Yy OUHAMIYHIT HOCMAHO8YI.
Ipu yvomy suxopucmogysagca npoepamuuti xomnaexc PLAST-02. J[na cnpowenna auanizy npoyecy 8i0oKpeMaeHHs:
PIOKOI ¢hasu, po3pobieHuti anzopumm no SUSHAYEHHIO KIIbKOCHI PIOKOL, AKa GUIIMLIA 3G MeJICi OUCNEPCHOT CUCHEM.
Jlana memoouxa zacmocosgyeanacsi O OOCHONCeHHI Npoyecy mynukoeoi ginempayii, axuti noOyooeanuil max, o
yepes CMIHKU 3AUHAMO20 OUCNEPCHOIO CUCTEMOIO 00 MY 8uUxooums milbku oOHa asa, a iHua noeHicmio
sanumaemvea y i cknaodi. B pe3yibmami guUsHAUAEMbCA, AK 3AKOH 3MIHEHHA ) 4aci Macu piouHy, o utiuia 3a Mexci
oucnepcHoi cucmemu, max i 3aKoH sMiHeHHs Y yaci KoHyenmpayiii gas. Pesynemamu 0aHo20 00CTIONCEHHS MONCYMb
Oymu  guUKOpUCMaHi Ol PO3PAXYHKY MA NPOEKMYSAHHS  QINbMPYSANbHUX VCHIAHOBOK HA OCHO8I MeMOPAHHUX
eneMeHmis, a MaKoic ONsk AHANI3Y 3MIHU 8ACMUBOCIEN MEXHONIO2IYHO20 NpoYecy po30iNeHHS OUCNEPCHUX CUCTIEM.

In this work was offered the mathematical model of the filtration of liquid environments in the membrane technolo-
gies. The model is based on the provisions of the mechanics of dispersed environments. It also allows you to explore the
basic laws of filtering liquid environments with taking into account the structure of the porous membrane frame, and
also the accumulation layer of the solid deposits under the given operating conditions. The method of determining the
concentration of solids phase and the gas-liquid dispersion medium in the rate of the dispersed system "membrane-
liguid" was proposed; and also the productivity of the membrane filtration. The methodology charged with solving
problems of the deformation of moisture-saturated disperse system. This was used software package PLAST-02. To
simplify the analysis process of separating a liquid phase and created algorithm of determining the amount of liquid
phase this went beyond the scope of the disperse system. This technique was used for researching the process of dead-
end filtration, which is constructed so that through the walls of a busy volume of the disperse system goes only one
phase and the other is completely remains in its composition. The result is defined changing the law at the time the
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mass of flows that went beyond and law of change over the time of the phase’s concentrations. The results of this re-
search can be used for calculation and design of filter plants which based on the membrane elements, and also for
analysis of changes of the properties of the technological process of the separation of disperse systems.

KmouoBi c1oBa: 3MiHA KOHICHTpALii, MeMOpaHHE (DITBTPYBAHHS, TUCTICPCHA CHCTCMA.

Keywords: the concentration change, membrane filtration, the dispersed environment.

MemMOpaHa TEXHOJOTIA 3a0€3Meuy€e SHEPTETHYHO Ta EKOJIOTIYHO JOUIIbHI BAPIAHTH MPOLECIB PO3AIICHHS Ta KOH-
LEHTPYBAHHS PI3HOMAHITHHX CCPECIOBHIN, TOMY € OJHIEK 13 TPIOPUTETHHX HANPSIMKIB CY4acHOI Xap4oBoi
TMPOMHUCTIOBOCTI.

Jlnst poeKTYBaHHA yIbTPa(iIbTPaniiHUX YCTAHOBOK IPONIOHYETHCS BHKOPHUCTATH 1H(OPMALIHHY TEXHOIOTIFO
mpoekryBanus (ITTI) [4, 5]. 3ampomonosanmit Bapiant ITII posrisizae mponec MPOXOMKEHHS Ta30PiIMHHOI CyMimmi
Kpi3h MOMIMEPHY VIbTpaimeTpaniiiny MEMOpaHy V BHIJIAAI MYJIBTHKOMIOHCHTHOI CHCTCMH B3a€MOIIOB’ SI3AHHIX
CJICMCHTIB. TOPUCTOTO KApKAaCy MeMOpaHH, Ta3opiauHHOI (hasH, MO 3aMOBHIOE TOPH MCMOpAHH, THCKY HATHITAHHA,
TMPHUCTPOIB 3AKPIIUICHHA MCMOPAHH Ta iH.

Po3rastHEMO MPUKIAT « TYIMHKOBOD» YIbTpaiIbTpalii, CXeMaTHIHO MPEICTABICHOI HA puC. 1.

[pu «TymuKkoBiiD» TEXHOJIOTII BOJOTOHACHYCHA MEMOpaHa, ak aucmepcHa cucrema (JC), 3MiHFOE CBilf HATIPYKCHO-
ae(opMOBaHUIT CTaH, IO MPHBOAUTH A0 BiZOKPEMJICHHS Piakoi (a3 3 mOJaIbIINM HAKOMMHYCHHAM HA TIOBCPXHI MCM-
OpaHu TBEPAOTO ocamy. TOBIMIHHA IHOTO IMAPY 3POCTAE 3 YacoM (hiapTpamii, i, K HACTIOK, 31 301TBIICHHAM TOBIIHHA
3MCHIIMYETHCS MBUAKICTD (PimbTpamnii. B pe3ymsrati 115010 301Mb0Iy€ThC KOHIEHTpaList Teepaoi ¢asu s JIC. Beepenuni
MOPHUCTOTO KapKacy MEMOPAHW BHHHKAE TPAMIE€HT TIAPOCTAaTHYHOTO THCKY P BHacmiaok ii aedopmysanns. Lle sk mpa-
BWJIO, TPU3BOAWTH IO 3MCHINCHHS INPOAYKTUBHOCTI MeMOpanu. [licis pemakcanii, BHKIMKAHOI 3HIDKCHHSIM THCKY,
TMOTiK MOKC BiJHOBHTHCSH, ajic MO’KC 1 HEC JOCATTH CBOTO MOYATKOBOTO 3HAYUCHHSA B 3aJICKHOCTI BiA TOTO, 4d Oyna
aedopmais 000poTHOI a00 HE3BOPOTHOIO.

Puc. 1 — Cxema «TynukoBo» yabTpa@iabTpanii: ¢, — KOHIEHTpamist TBepaoi (pa3n, ¢, — KOHIEHTPAIisT
ra3opiaxoi ¢pa3u, # — BEKTOPH CEPEAHLOT MBUIKOCTI MEPEMIlEHL YACTHHOK TBEPaol dasn, Py — Tick Hag Mem-
opanoto, P, — Tick mix memoOpanoro, P — rigpoctatnyHmii THCK B razopiakiii dasi

Z[JI}I MATCMATHIHOT'O OMMUCAHHA BHIIC 343HAYICHUX SABHUI BUKOPUCTOBYHOTHCA piBH}IHH}IZ
a) 30CepeKCHHSA MacH, IO 11 000X (a3 BiAMOBITHO MaroTh BHTILLA |3, 4]:

%)
&az +diV(p20t2V)=0; (1)
a

%al + div(ploclu) =0,

JIe U, V — BEKTOPH CEPETHBOI IBUIKOCTI IIEPEMIIECHb YaCTHHOK TBEPJOI Ta Ta30piakoi (a3 BiAMOBIAHO; Py Pr — IXHA
cepelHsI TYCTHHA; 0.y, Ol — 00 €MHI KOHIIEHTPALii TBEPAOi Ta PiaKoi (a3 BiAIMOBITHO.

0) PIBHSHHA 30€PESKCHHI KiTBKOCTI PYXY B MAKPO-KOOPAMHATAX I
a) TBepaoi pazu

g(azpzv)+ grad(azpzv X v)— grad(azP)— Fy +F(2) =0 2)
0) rasopiakoi (a3u
%(alplu)+ grad(alplu X u)— gmd(ala)— B - F(l) =0, 3)

ne P — rinpocraTuunumit THCK B Tazopiakii ¢asi; F;, Fo- BekTopu 00’ eMHEX CHII TBEpAii Ta rasopiakiit ¢(azax Bia-
IOBIiZHO; G — TeH30p HAMpy>KeHb B TRepAilt Pazi; F, F? — cumu miskdyasHoi B3aeMoii.
Bracnizok piBHOCTI
P-n=-0-n, 4)
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B TOYKAX BHYTPINIHIX MOBEPXOHb PO3MOALLY TBEpAOoi Ta razopiakoi (a3 (n - BEKTOp HOpPMAai A0 IOBEPXHI PO3IOIi-
JIy) BUKOHY€TbCS YMOBA!
F(Z) :F(l) :FO (5)
®dopmanpHa cyMa piBHAHB (2) 1 (3) omucye 30epeKCHHS KUIBKOCTI PYXY ¥ BCIX MAKPO-TOUKAX AHCHCPCHOTO Cepe-
JOBHIIA!
2 ( J
— a1 pj +aqp v)+gm (apuxu+a p v><v)—
a 171 272 171 252 (6)
-gmd(ala + azP)— az,uvzv -F-F =0
OnHak, B IPAKTHYHUX PO3PAXYHKAX 3PYUHIIIE PO3rIsAaTh OATaHCHI PIBHSAHHS KITBKOCTI PYXY OKPEMO T KOXK-
HOTO 3 KOMIIOHEHTIB, TOOTO ¥ (pOpMi PiBHSIHB BIIHOCHOTO PYXY TBEPIOi Ta razopiaxoi ¢as.
BBarkaeThcs, MO MIBUAKOCTI PYXy CEpeIOBHINA HEBUCOKI, 1 IIE A€ IICTABY HEXTYBATH B PIBHAHHSX (2, 3) KOHBEK-
THBHUMH “WICHAMH.
Sxmo 3amaru cuiy Mizk(azHoi B3aemoxnii B ¢opmi [3], To:

FOZF(l) = F(z) =R+ Pgrada2 5 7
TO, BPAXOBYIOUH, IIO O = |- 0, | PIBHSHHS BITHOCHOTO PYXY TBEPAOI (ha3u mpuiMae BUTILI;
du dv f R (8)
ol pr—=—py— |—grads’ ———a\p, —p =0;
1( ldt Zdtj oy 1( 1 ZX;

e R- Lz“ 1% (v-u) edexTHBHA CHTA B’I3KOTO OMOPY:
a
6' — TeH30p C(PEKTHBHUX HATIPYIKCHD .
PiBHSHHA BIZHOCHOTO PyXy ra30piakoi (a3u MOXKHA IOJATH Y BUTIIIL:
av R
i —gradP——+p2Ga )

2 dr a
2

p

e G — BEKTOp MPUCKOPCHHA CHITH BAaTH.

; ; : : ; : g T d
3a3HAUHMO, IO T MPOLCCIB, SKi MPOTIKAIOTH TOBLTBHO, (BIACYTHI iHEpIiiiHI e(CKTH: pzj =0; p2G= 0)

piBHAHHA (9) OMHUCYE 3aK0H (BiMbTpaLii B HOPHCTOMY 130TPOITHOMY CCPCIOBHIII

2
w:v—u:—a—gradP~ (10)
e
OTpuMaHEe CITiBBiTHOIICHHA aHATOTIYHE 3aKkoHy Japci [3]:
p
k
v—u=———gradP > (11)
1

ne k? — xoeimieHT MPOHUKHOCTI CEPEeIOBHILA.

PiprsHHA (2,3) OMUCYIOTH MOBEAIHKY CYMIIN B JHHAMIYHIM mMOCTaHOBII. PO3B’sI3aHHS LMX PIBHAHB ITOB SI3aHO 13
3HAYHUMM MATEMATHIHUMH TPYZHOIIAMHU. B TOH ke 4yac iCHYIOTh MAKETH MPOTPaM, HANPHKIAT KOMIUDIEKC IPOTPaM
(KIT) PLAST-02 [5], me 3amava ¢inbTpyBaHHS CYMIIIl YHCETBHO PO3B SA3YETHCA B KBA3ICTATHYHIA ITOCTAHOBII HA OC-
HOBI PO3B’I3aHHS PIBHAHD (8) 3 BHKOPHCTAHHIM 3aJaHOTO po3noAineHHs TUCKiB P B 06 emi JIC.

J11 po3B’sI3aHHA MOCTABICHOL 33424l 3aIPONIOHOBAHO METOAMKY, L0 CKIAJAETHCA 3 HACTYIIHUX CTAIIB.

1. InrepBan yacy TpMBAJIOCTI TEXHOJOTIYHOTO Mpouecy (MiTbTPYBAHHS IHUCKPETH3YETHCA MUILIXOM PO3MOALTY HA
TIEBHY KiNbKICTh iHTEpBamiB At. 3 uxopuctanasM KIT PLAST-02 po3s’s3yeThest 3a7a4a 0 BH3HAUCHHIO HATPY)KEHO-
nedopmosanoro crany JIC mig miero THCKY HarHiTaHHA (puc. 1). B pe3ynbrari BH3HAYA€THCA TOJIE TPATIEHTY THCKY P B
00 emi JIC, a nai BU3HAYAETHCS MOJIC BIAHOCHUX IIBHIKOCTEH TBEPIOI Ta razopiakoi ¢as srimHo gopmymu (10).

2. IurerpysannsM mo rpanumii 3aitasaToro JIC 00’ eMy 3a yac At BU3HAYAETHCSI MAaca PiIMHH, SIKA BUHIIUIA 32 MCXKH
JC. Bona yMOBHO PO3IiIA€THCA HA Bi CKJIA0BI YACTHHH.

a) piauHA, MO BHHIILIA 32 PAXYHOK YINITIBHCHHS TBEPAOTO KapKacy MEMOpPaHH:

Am, = At | pjoy(w=q)nds (12)
L3

JIe I € BEKTOP OXMHWYHOI HOPMAJI O MOBEPXHI, S € MOBEPXHS, Ky 3aiiMae TBepaa (asza, o, € 00’ €eMHA KOHICHT-
pauis ¢asm, p; € TyCTHHA el pasm;
0) piamHA, IO BUIIIUIA 32 PAXYHOK (himbTpaii:
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Am2 :Atépl oqwnds (13)

JIC ( € BiZOMHH BEKTOP MBHIKOCTI PyXY TPAHHUIN, MO 3MIHFOETHCA 33 PAXYHOK CTHCHCHHSA MCMOpAHH, N € BEKTOP
OJMHUYHOI HOPMAJI J0 MOBEPXHI, S € MOBEPXHSL, Yepe3 SIKY MOJKE BHTIKaTH 2-Ta (aza.

Criz 3a3HaYMTH, IO IPH PO3TILIIYBAHOMY IIAXOZl HE BUKOPHCTOBYIOTHCS KIACHYHI PIBHSIHHS 30CpPEKCHHS MacH
(1). 3amMicTh IMX PIBHAHb BHKOPUCTOBYEThCA CriBBiaHOmEHHS (12). Lle moB’43aH0 3 THM, O KJIACHYHI Teopii Oarato-
(¢azamx cymimed [1,2] 3aMiHFOFOTH CyMimI ACSKHM TIMOTCTHYHHM OCCPCIHCHHM CCpPSHOBHINCM. B TOH k¢ Hac
TEXHOJOTIYHUH Tponec MeMOpPAaHHOTO (DIMBTPYBAHHS BIAINTOBAHMHA TAKHM YHHOM, INO Yepe3 CTiHKM 3auHsroro JIC
00’ eMy BHXOIHUTH TLTBKH OTHA, a CAME Ta30pizka (pasza, B TOH Jac Ak TBEpAA (Pasa, MOBHICTIO 3amumaeThes y cxmami JC.
LlmM OSACHFOETHCS BUKOPUCTAHHS CIiBBiTHOIICHHS (12) 3aMicTh piBHAHB 30epekeHHs MacH (1).

3HAIOYH KITbKICTh PIAWHE, [0 BHHILIA 32 MEXI JUCMEPCHOI CHCTEMH, BH3HAYAIOTHCS HOB1 3HAUCHHS KOC(ILIEHTIB
oy 1 0. Lli xoedimienTn OyayTs BHXIZHAME MAapaMETPaMH 7SI PO3B S3aHHS 3a7a4i HA HACTYITHOMY IHTEPBAl dacy.
[ToTiM po3B’sI3y€eThCS 3a7aya Al HACTYIIHOTO 1HTEPBALY 1 Tak Aajii. B pe3ympraTi BH3HAYAETHCS SIK 3aKOH 3MIHCHHA Y
Yyaci MacH PiAMHM, IO BUHILIA 32 TPAHUI MEMOPAHH, TAK 1 3aKOH 3MIHEHHS Y Yaci KOHIEHTpAIii (a3 oy 1 o,

Jt memOpanu, 300paskeHOi HA puc.l, oTpUMaHMI TakWil 3aKOH 3MIHCHHSA KOHIICHTPALiH TBEPIOi Ta Ta30piakoi
(asu y uaci (puc. 2):
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Puc. 2 — 3axon 3MiHeHHs y Yaci KOHIIEHTpaiii TBepaoi Ta piakoi (a3 y mexkax 00’ emy MeMOpann

BucnoBkn. TakuM YMHOM, 3aIPONIOHOBAHUI MIIXI JA€ 3MOTY B 3a7adax mpo (iAbTPYBaHHS AUCHEPCHUX CYMi-
IICH BH3HAYHUTH 3MIHCHHS KOHICHTPALIH OKPEMHX ()a3 i 9aC TCXHOIOTITHOTO MPOLECY.
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